Background/Aims: Ginkgolide B (GB) is currently used as an anticancer drug for treatment of some malignant cancers. However, whether it may have therapeutic effects on bladder cancer remains unknown. Here, we studied the effects of GB on bladder cancer cells. Methods: Bladder cells were treated with different doses of GB, and the effects on ZEB1 and microRNA-223-3p (miR-223-3p) were analyzed by RT-qPCR and/or Western blot. Prediction of a regulatory relationship between miR-93 and 3'-UTR of Beclin-1 mRNA was performed by a bioinformatics algorithm and confirmed by a dual luciferase reporter assay. Results: We found that GB dose-dependently decreased ZEB1 protein, but not mRNA, in bladder cancer cells, resulting in suppression of cell invasion. Moreover, in bladder cancer cells, GB dosedependently decreased the levels of miR-223-3p, which suppressed the protein translation of ZEB1 through binding to 3'-UTR of ZEB1 mRNA. Overexpression of miR-223-3p decreased ZEB1 protein, while depletion of miR-223-3p increased ZEB1 protein in bladder cancer cells. Conclusion: GB inhibits bladder cancer cell invasiveness through suppressing ZEB1 protein translation via upregulating miR-223-3p.
Introduction
Bladder cancer starts in the transitional epithelium of the bladder [1] . When the bladder cancer grows into or through the other layers in the bladder wall, it becomes more advanced and difficult to treat. Over time, the cancer may grow outside the bladder and spread to nearby lymph nodes, or to other parts of the body as distal metastases, leading to poor prognosis [1] . This feature of bladder cancer specifically emphasizes the importance of understanding the molecular mechanisms underlying the regulation of bladder cancer invasiveness.
Epithelial-Mesenchymal Transition (EMT) is a critical biological event that triggers the modification of the cancer cell properties to allow cancer cell to adapt to a phenotype favoring invasiveness and metastases [2] [3] [4] [5] . During EMT, cancer cells obtain capability of secreting proteinases from neighbor stromal cells or inflammatory cells for breaking through collagenous protein barriers. The EMT triggers include ZEB1, ZEB2, Snail1, Snail2 and E-cadherin [2] [3] [4] [5] . The transcription factor ZEB1 possesses zinc-finger clusters in both the N-terminal and C-terminal regions, and a homeodomain in the central region, and appears to be a key promoter of EMT initiation and a key factor for maintaining the adapted mesenchymal phenotype [6] . The zinc-fingers of ZEB1 are essential for DNA-binding, by specific binding to an E-box sequence CACCTG [6] . Interestingly, ZEB1 has been shown to bind to the promoter of E-cadherin to repress its expression [6] . Nevertheless, the molecular pathway that regulates ZEB1 activation has been shown to be different in different cancers. Specifically, the signal pathways to control ZEB1 expression in bladder cancer cells are not clear.
MicroRNA (miRNA) is a class of 18-23-nucleotide non-coding small RNAs that regulate gene expression at translational level, through their base-pairing to the 3′-untranslated region (3′-UTR) of target mRNAs [7, 8] . It has been acknowledged that miRNAs play a role in the regulation of EMT-associated genes in the pathogenesis of various cancer [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, whether miR-223-3p may play a role in the tumorigenesis of bladder cancer is unknown.
Recently, bioactive natural products have been used as anticancer medicine. Ginkgolide B (GB) is a component of ginkgo leaf, which has been widely used for treating asthma, cough and enuresis [22, 23] . Previous studies have shown that GB has beneficial effects on endothelial cell protection [24] as well as cancer therapy [25] [26] [27] . However, whether GB may have an anti-bladder cancer effect is not known.
Here, we studied the effects of GB on bladder cancer cells and the underlying mechanism.
Materials and Methods

Protocol approval
All experiments were carried out in strict accordance with the regulations in the guide for the experimental research issued by the Third Military Medical University. The protocol was approved by the Institutional Animal Care and Use Committee of the Third Military Medical University.
Cell line, transfection and reagents
A human bladder cancer cell line T24 was purchased from ATCC (American Type Culture Collection, Manassas, VA, USA), and have been widely used in bladder cancer cell research. T24 was generated from an 81-year-old female Caucasian [28] and was cultured in in RPMI1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 15% fetal bovine serum (FBS; Sigma-Aldrich, St Louis, MO, USA) in a humidified chamber with 5% CO 2 at 37 °C. MiRNAs mimics (miR-223-3p), miRNAs antisense oligonucleotides (as-miR-223-3p), ZEB1, and short hairpin small interfering RNA for ZEB1 (shZEB1) were obtained from Origene (Beijing, China).
These constructs were generated and cloned into the TOPO plasmid (Invitrogen, Carlsbad, CA, USA). Plasmids carrying a null sequence (null) or a scramble sequence (scr) was used as a control. The plasmids were transfected into cells at a concentration of 50nmol/l using Lipofectamine-2000 (Invitrogen), receiving a 95% transfection efficiency. The cells were analyzed after 24 hours, according to the manufacturer's instruction. GB (Sigma-Aldrich) was prepared in a stock of 100mmol/l in DMSO and applied to the cultured T24 cells at 0, 0.5, 1 and 2mmol/l, respectively.
Quantitative PCR (RT-qPCR)
Total RNA was extracted from the cultured cells using miRNeasy mini kit (Qiagen, Hilden, Germany). For cDNA synthesis, complementary DNA (cDNA) was randomly primed from 2μg of total RNA using the Omniscript reverse transcription kit (Qiagen). RT-qPCR was subsequently performed in triplicate with a 1:4 dilution of cDNA using the Quantitect SyBr green PCR system (Qiagen). All primers were purchased from Qiagen. Data were collected and analyzed using
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Ct method. Values of genes were first normalized against α-tubulin, and then compared to the experimental controls.
Western blot
The protein was extracted from the cultured cells, and homogenized in RIPA lysis buffer (1% NP40, 0.1% SDS, 100μg/ml phenylmethylsulfonyl fluoride, 0.5% sodium deoxycholate, in PBS) on ice. The supernatants were collected after centrifugation at 12000×g at 4°C for 20min. Protein concentration was determined using a BCA protein assay kit (Bio-rad, China), and whole lysates were mixed with 4×SDS loading buffer (125mmol/l Tris-HCl, 4% SDS, 20% glycerol, 100mmol/l DTT, and 0.2% bromophenol blue) at a ratio of 1:3. Protein samples were heated at 100°C for 5 min and were separated on SDS-polyacrylamide gels. The separated proteins were then transferred to a PVDF membrane. The membrane blots were first probed with a primary antibody. After incubation with horseradish peroxidase-conjugated second antibody, autoradiograms were prepared using the enhanced chemiluminescent system to visualize the protein antigen. The signals were recorded using X-ray film. Primary antibodies for Western Blot are anti-ZEB1 and α-tubulin (all from Cell Signaling, San Jose, CA, USA). α-tubulin was used as protein loading controls. Secondary antibody is HRP-conjugated anti-rabbit (Jackson ImmunoResearch Labs, West Grove, PA, USA). Images shown in the figures were representative from 5 individuals. Densitometry of Western blots was quantified with NIH ImageJ software (Bethesda, MA, USA). The protein levels were first normalized to α-tubulin, and then normalized to experimental controls.
MicroRNA target prediction and luciferase-reporter activity assay
MiRNAs targets were predicted using the algorithms TargetSan (https://www.targetscan.org). Luciferase-reporters were successfully constructed using molecular cloning technology. Target sequence was inserted into pGL3-Basic vector (Promega) to obtain pGL3-ZEB1-3'-UTR containing the miR-223-3p binding sequence (ZEB1-3'-UTR sequence). MiR-223-3p-modified T24 cells were seeded in 24-well plates for 24 hours, after which they were transfected with 1μg of Luciferase-reporter plasmids per well using PEI Transfection Reagent. Then luciferase activities were measured using the dual-luciferase reporter gene assay kit (Promega), according to the manufacturer's instructions.
Transwell cell invasion assay
The transwell cell invasion assay was performed using a Fluorometric Cell Migration Assay kit with polycarbonate membrane inserts (5μm pore size; Cell Biolabs, San Diego, CA, USA). Cells were serumstarved overnight in DMEM prior to initiation of the experiment. The lower chambers were filled with 1 ml of conditioned media. Cells (4 × 10 mRNA levels of ZEB1 were not altered by GB treatment (Fig. 1B) , suggesting that GB may regulate ZEB1 at translational level. Next, we examined the effects of GB on cell invasion in a transwell cell invasion assay. We found that GB dose-dependently decreased the cell invasion ( Fig. 1C-D) . Together, these data suggest that GB may decrease ZEB1 protein level in bladder cancer cells to suppress cell invasion.
ZEB1 overexpression abolishes the GB-induced suppression of bladder cancer cell invasion
In order to confirm that changes in ZEB1 levels is responsible for the alteration in bladder cancer cell invasion, we either overexpressed or depleted ZEB1 in T24 cells. First, we confirmed the alteration of ZEB1 levels in T24 cells, by RT-qPCR ( Fig. 2A) , and by Western (Fig. 2B) . We found that ZEB1 overexpression in bladder cancer cells abolished the GBinduced suppression of bladder cancer cell invasion, while depletion of ZEB1 in bladder cancer cells mimicked the effects of GB on cell invasion (Fig. 2C) .
The suppressive effects of GB on ZEB1 are mediated through miR-223-3p
Since GB altered protein, but not mRNA levels of ZEB1, we hypothesize that GB may control ZEB1 at translation level. Thus, we screened all ZEB1-targeting miRNAs, which were altered by GB treatment. Specifically, we found that miR-223-3p bound to 3'-UTR of ZEB1 mRNA (Fig. 3A) , and GB dose-dependently increased the levels of miR-223-3p in T24 cells (Fig. 3B) . In order to understand the biological relevance of the binding between miR-223-3p and 3'-UTR of ZEB1 mRNA, we transfected T24 cells by plasmids carrying either miR-223-3p, or as-miR-223-3p, or null as a control. The modification of miR-223-3p levels in T24 cells was confirmed by RT-qPCR (Fig. 3C) . Afterwards, these miR-223-3p-modified T24 cells were transfected with 1μg of ZEB1-3'-UTR Luciferase-reporter plasmid. We found that the luciferase activities in miR-223-3p-depleted T24 cells were significantly higher than the control, while the luciferase activities in miR-223-3p-overexpressing T24 cells were significantly lower than the control (Fig. 3D) . Together, these data suggest that miR-223-3p may targets 3'-UTR of ZEB1 mRNA to inhibit its translation in bladder cancer cells. Moreover, GB may induce miR-223-3p to suppress ZEB1 in bladder cancer cell, resulting in cell invasion arrest.
MiR-223-3p-mediated suppression of ZEB1 decreases bladder cancer cell invasion
We found that modulation of miR-223-3p in T24 cells did not alter mRNA levels of ZEB1 (Fig. 4A) . However, overexpression of miR-223-3p decreased ZEB1 protein (Fig. 4B) , resulting in deecreases in cell invasion (Fig. 4C) . On the other hand, depletion of miR-223-3p increased ZEB1 protein (Fig. 4B) , resulting in increases in cell invasion (Fig. 4C) . These data suggest that miR-223-3p-mediated suppression of ZEB1 inhibits bladder cancer cell invasion (Fig. 5) .
Discussion
The efficacy of chemotherapy for bladder cancer is limited. Therefore, the development of new agents for bladder cancer treatment is in urgent need. Recent years, anti-cancer agents extracted from Chinese herb have continuously attracted attention.
GB is a component of ginkgo leaf, and previous studies have provided evidence for a chemo-preventive or a therapeutic effect of GB on ovarian cancer [29] . In our study, we investigated the effects of GB on the invasiveness in human T24 bladder cancer cells in vitro. The dose of GB used for enhancing the sensitivity of chemotherapy in ovarian cancer is relatively low. However, the dose used for reducing oxidative stress in umbilical vein endothelial cells is very high [30] . Here, we chose to use 500-2000 nmol/l as the experimental dose.
Here, we found that GB dose-dependently increased ZEB1 protein, but not mRNA, in human Bladder cancer T24 cells. These data suggest the presence of the post-transcriptional control of ZEB1, which is regulated by GB. Our next approaches showed that overexpression of ZEB1 in T24 cells abolished the suppression of cell invasion by GB. Moreover, we found that GB dose-dependently increased miR-223-3p, which bound to 3'-UTR of ZEB1 mRNA to inhibit its translation. MiR-223-3p was identified as the key miRNA that suppresses ZEB1 from all ZEB1-targeting miRNAs through examination of their expression before and after GB treatment. Overexpression of miR-223-3p decreased ZEB1, resulting in decreases in cell invasion. On the other hand, depletion of miR-223-3p increased ZEB1, resulting in increases in cell invasion. When a miRNA molecule perfectly matches to a target mRNA, it causes the mRNA degradation to result in decreases in the mRNA levels by RT-qPCR. Here, we seemed to obtain a partial interaction between the miR-223-3p and the 3'-UTR of the ZEB1 gene. In case that the miRNA does not form a perfect match with the target RNA, the translation process stops at that point and hence the protein production is reduced, as described here. Of note, we have examined several other bladder cancer cell lines and obtained essentially same results. Thus, our results do not appear to cell-line dependent.
